Abstract. Due to intensi ed agricultural practice, nitrate concentrations of surface waters have increased since the Second World War and are expected to continue to rise. Little is known about how these nitrate levels affect the early stages of amphibians in the eld situation and if they contribute to the decline of amphibian populations. Exposure of Rana temporaria larvae to ammonium nitrate in a replicated pond experiment increased mortality, and mass at metamorphosis, but extended the larval period. In a second experiment exposure of both R. temporaria and Bufo bufo to elevated levels of nitrate but low levels of ammonium did not affect larval survival and larval period, but caused an increase in mass at metamorphosis for both species. When R. temporaria eggs were exposed to calcium nitrate in enclosures in a pond, survival at tailbud stage and at hatching did not differ from controls. The results suggest that ammonium nitrate can be detrimental to amphibian development but that increased nitrate levels have no direct adverse effects on tadpoles of R. temporaria and B. bufo and eggs of R. temporaria but indirectly enhance mass at metamorphosis.
Introduction
Amphibian populations have been declining nationally and internationally over the past few years and one of the many factors to which this has been attributed is agricultural intensi cation (Swan and Oldham, 1993) or, more speci cally, the increased use of "straight" nitrate fertilisers (not combined with other nutrients) and the change towards spring, rather than autumn, application (Chalmers et al., 1990) . Furthermore, population densities of Rana temporaria (common frog) in the UK are low in arable areas (Swan and Oldham, 1993) , and nitrate fertilisers have been implicated as the cause of declining amphibian numbers in central Europe (Berger, 1989) and possibly in areas of the USA (Marco et al., 1999) .
Adult amphibians may be exposed to fertiliser in the spring when they cross treated agricultural land on their way to breeding sites, and spawn and larvae may be exposed in ponds receiving run-off. In practice, though, since ammonium nitrate (NH 4 NO 3 ) is very soluble and is applied during the day and amphibians migrate at night, exposure of adults may be minimal (Oldham et al., 1997) . Ammonia (NH C 4 ) and nitrate (NO ¡ 3 ) may be used relatively quickly in lentic waters following run-off, but the extent to which this occurs and whether amphibians are still exposed to substantial concentrations of these ions is not known. Furthermore, although previous work has shown that amphibian larvae are affected by elevated concentrations of ammonium nitrate in the laboratory (Hecnar, 1995; Watt and Oldham, 1995; Watt and Jarvis, 1997) , and that exposure to nitrate inhibits the development and growth of frog and toad tadpoles (Berger, 1989; Baker and Waights, 1993) and can reduce swimming activity and lead to increased mortality in some amphibians (Marco et al., 1999) , little is known of the effects of ammonium nitrate on amphibian larvae, or indeed eggs, in the eld. Rana temporaria is frequently found in ponds on agricultural land and is likely to be exposed to fertiliser during the breeding season and in early development. This paper will determine the effect of ammonium nitrate and an alternative nitrate source (to investigate the effect of nitrate in the absence of ammonium) on the hatching, survival and development of eggs and larvae of R. temporaria under eld conditions.
Methods

Replicated pond experiments
Pools (183 £ 122 £ 36 cm deep) constructed of a galvanised steel tube frame and blue, high density polyethylene liner were set out on a piece of unshaded, arable land in March 1994 March , 1995 March and 1996 , about a month before the start of the experiments. Each pool was lled to a depth of 20 cm (water volume 450 l) with tap water and 10 l of pond water. Periphyton, collected from a pond, was rinsed and evenly divided between the pools. About 200-250 Daphnia were also added to every pool. Pools were covered with netting to prevent predation by birds. In 1994 no sediment, waterplants, macrofauna or organic matter were added to the pools. However, in subsequent years 3 cm of soil was added to each pool to stimulate denitri cation and to make the environment more realistic.
A factorial design was employed in all years. In 1994 this tested for the effects of initial tadpole density and fertiliser application level on tadpole development and survival. All combinations of 3 density levels and 2 fertiliser application levels were replicated three times, giving a total of 18 pools. Densities consisted of 150 R. temporaria tadpoles per pool (low density), 300 per pool (high density) or no tadpoles which acted as a control for periphyton growth in the absence of tadpoles.
